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[There are no amendments to this invention.] 

Claim 

Thixotropic polyurethane compositions, characterized by blending 0.1-20 parts by wei; 
of urea derivatives and 0.1-50 parts by weight of colloidal silica with 100 parts by weight of 
polyurethanes. . 



Detailed description of the invention 

The present invention pertains to thixotropic polyurethane compositions. More precisely 
it pertains to thixotropic polyurethane compositions which impart thixotropy without reducing 
storage stability and workability such as mixing and application by blending specific amounts of 
urea derivatives and colloidal silica with polyurethanes. 

Polyurethanes are excellent in rubber elasticity, weather resistance, wear resistance, etc., 
therefore they are widely used as coating materials for paper, cloth, elastomers, etc. and as 
building materials such as adhesives, floor materials, wall materials, etc. 

For the application of the polyurethanes, generally speaking, paste-like or liquid 
compositions made of liquid or solution polyurethane prepolymers are used, and gap fillers such 
as talc, carbon black, etc., plasticizers, adhesion-imparting agents, hardening catalysts, coloring 
materials, etc. are blended. Depending on the hardening method used, polyurethanes can be 
classified into one-component polyurethanes in which the terminals of the urethane prepolymer 
have isocyanate groups with hardening occurring by the moisture in air and two-component 
polyurethanes in which the hardening is carried out by polyols. Depending on the use of 
polyurethanes, from the viewpoint of application very often they (polyurethanes) exhibit 
thixotropy. For example, if polyurethanes are used as a coating material or sealant and coated or 
sealed on a vertical surface, because it takes time to handle a brush and spatula, sagging can 
hardly occur and the finish is beautiful. And when they are used as an adhesive or a coating 
material and coated on porous paper and cloth, a little blotting occurs on the paper and cloth so 
the coating process is easy which is advantageous. 

- As a method for imparting thixotropy to polyurethanes and preventing sagging at the time 
of their application such as for coating or sealing, heretofore the use of anti-sagging agents such 
as colloidal silica and bentonite has been proposed. With increase in the amount of the 
anti-sagging agent such as colloidal silica, the thixotropy is improved and the sagging is 
suppressed but the apparent viscosity of the polyurethanes becomes remarkably high so the 
workability such as in mixing, application, etc. degrades, and after hardening, physical properties 
such as the hardness and modulus increase and the elongation and adhesion properties become 
poor, therefore they cannot satisfy the required properties for construction materials such as 
sealants, adhesives, coating materials, etc. 

Thus methods for imparting thixotropy without impairing other properties have been 
proposed. For example, 

© Polyurethane compositions prepared by mixing a specific amount of polyethylene 
glycol or its derivatives and colloidal silica with polyurethanes (Japanese Kokoku Patent No. Sho 
45[1970]-41110) 
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© Polyurethane compositions prepared by blending inorganic fillers, polyoxyalkylene, 
etc. with liquid polyurethanes having terminal groups (Japanese Kokoku Patent No. Sho 
47[1972]-7632). 

(D Methods for manufacturing urethane sealants by combination of specific anti-sagging 
agents, such as sulfoxides, with polyurethanes (Japanese Kokoku Patent No. Sho 
49[1974]-27418),etc. 

However, even these methods have not yet been able to impart sufficient thixotropy, and the 
thixotropy changes during the storage and the apparent viscosity increases; therefore the 
workability at the time of mixing and application becomes worse, and this problem has not yet 
been sufficiently solved. 

The present invention was formulated for solving such technological drawbacks and its 
object is to provide thixotropic polyurethane compositions with excellent heat resistance, weather 
resistance, and wear resistance without reducing their storage stability and workability such as 
mixing, application, etc. by imparting sufficient thixotropy to the polyurethane compositions, 
and especially to utilize them as sealants, gap fillers, adhesives, etc. 

The present inventors carried out an extensive study for attaining the above-mentioned 
object and as a result it was found that by dispersing a specific amount of colloidal silica and 
urea derivatives in polyurethanes, sufficient thixotropy was imparted and the workability at the 
time of mixing and application which are other properties required for polyurethanes could be 
maintained sufficiently, and thereby they attained the present invention. 

That is, the present invention provides thixotropic polyurethane compositions which are 
characterized by blending 0.1-20 parts by weight of urea derivatives and 0.1-50 parts by weight 
of colloidal silica with 100 parts by weight of polyurethanes (polyurethane prepolymer). 

For the polyurethanes used in the present invention, in case of one-component 
polyurethanes, isocyanate group-terminated polyurethane prepolymers can be used. The 
prepolymers can be prepared, for example, by the reaction of polyisocyanates with polyether 
polyols such as polyoxypropylenediol or triol or others such as hydroxy group-terminated 
polyols with a molecular weight of 1000 - 10000. For the polyisocyanates, one or a mixture of 
tolylene diisocyanate (TDI) and 4,4'-diphenylmethane diisocyanate (MDI), or their modified 
compounds can be used. In case of one-component polyurethanes,' the terminal isocyanate groups 
of the above-mentioned prepolymers react with atmospheric moisture and macromolecules or 
network-like molecules for as the main structure of the polyurethanes which are characterized by 
having elasticity. 

It is common for a polymer which forms the base of a two-component polyurethane to 
contain an isocyanate-terminated prepolymer similar to the above-mentioned one-component 
polyurethane as a constituent and a hydroxy group-terminated polyol with an average molecular 



\ 



weight of 1000-5000 as another constituent. For the polyol, polyoxypropylenediol and 
polyoxypropylenetriol or their copolymers are often used with ethylene oxide, however, other 
polyols may be used also. For a two-component polyurethane, the prepolymer constituent is 
mixed with the polyol constituent immediately prior to application (such as for coating, sealing, 
etc.). The reaction is mainly the linkage, that is, urethane linkage, of the terminal groups of the 
two constituents, and hardening can occur without water. 

These polyurethanes are originally liquid or become liquid after dissolving in a solvent. 
Examples of solvents used include esters such as ethyl acetate, ketones such as methyl ethyl 
ketone, and aromatic hydrocarbons such as toluene, etc. 

Examples of urea derivatives which can be blended in the present invention include 
tetramethyl urea, tetraethyl urea, l,3-dimethyl-2-imidazolidone, etc. and compounds with a 
molecular weight less than 1000 per urea group are preferable^ The amount of urea derivative to 
be blended is 0.1-20 parts by weight, preferably 0.5-10 parts by weight based on 100 parts by 
weight of polyurethane. When it is less than 0.1 part by weight, the objective thixotropy cannot 
be obtained so prevention of sagging is insufficient, whereas when it is greater than 20 parts by 
weight, the storage stability and workability become poor. 

A commercially available colloidal silica can be used for blending in the present 
invention. For example, Aerosil, etc. can be a representative. The amount of colloidal silica to be 
blended is 0.1-50 parts by weight, preferably 1-15 parts by weight based on 100 parts by weight 
of polyurethane. When it is less than 0.1 part by weight, the thixotropy and prevention of sagging 
are insufficient, whereas when it is greater than 50 parts by weight, the storage stability and 
workability become poor. 

In the present invention, by joint blending urea derivatives and colloidal silica with 
polyurethanes, the hydrogen bonding of the silanol groups of the colloidal silica is further 
accelerated and a continuous structure is formed. The structure can be destroyed easily by a weak 
external force and the viscosity can drop temporarily, however, when the external force is 
removed a continuous structure can reappear. Thus the flowability of the polyurethane 
compositions of the present invention at the time of mixing and application is good so that a 
desired pattern can be coated on desired areas and at the finish of application, apparent viscosity 
is high so sagging can be suppressed. 

In the polyurethane compositions of the present invention, in addition to these essential 
constituents, if necessary a suitable amount of fillers, plasticizers, curing promoters, agents for 
imparting adhesion, curing catalysts, coloring agents, etc. can be blended. 

In the following, application examples and comparative examples will be used to explain 
the present invention in more detail. 
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Application Examples 1 - 3 and Comparative Example 1 

56 parts by weight of polyoxypropylenetriol with a molecular weight 5000, 44 parts by 
weight of polyoxypropylene glycol with a molecular weight 2000, and 20 parts by weight of 
dioctyl phthalate were put in a reactor, and after dehydration at 100°C under reduced pressure, 
cooled to 80°C under a nitrogen atmosphere. While stirring, 20 parts by weight of 
4,4'-diphenylmethane diisocyanate (MDI) were added and reaction was carried out until the 
amount of free isocyanate was 2.54 % to prepare a urethane prepolymer. 

The thus obtained urethane prepolymer, an inorganic filler, and a plasticizer with the 
blending ratios shown in Table 1 were put in a stirring machine, in which dry nitrogen gas was 
enclosed, and stirring-kneading was carried out at room temperature to give a paste-like 
polyurethane composition. 

A slump test of the polyurethane composition was carried out using JIS A 5758 1979 
sealing material slump test for construction, and 0 mm up to 1 mm was regarded as having 
thixotropy, whereas that greater than 1 mm was regarded as having no thixotropy. 

The results of the slump test and the amount of each blending agent are shown in Table 1 . 
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*1: Dioctyl phthalate, *-2: Calcium carbonate, *3: Aerosil, *4: Tetramethyl urea, *5: 
Tetraethyl urea, *6: l,3-Dimethyl-2-imidazolinone. 
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From the results of Table 1 it is clear that the thixotropy of polyurethane compositiona 
(Application Examples 1-3) prepared by blending both urea derivatives and colloidal silica with 
polyurethane was better than that of a polyurethane composition (Comparative Example 1) 
obtained by blending only colloidal silica with polyurethane. 



Application Examples 4 - 6 and Comparative Example 2 

The urethane prepolymer obtained in Application Example 1, inorganic fillers, and 
plasticizers with the blendingratios shown in Table 2 were put in a stirring machine enclosed 
with dry nitrogen gas and stirring kneading was carried out at room temperature to give 
paste-like polyurethane compositions. 

Slump testing of the polyurethane compositions was carried out as in Application 
Example 1 and the results along with the amount of each blending agent are shown in Table 2. 
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From the results of Table 2 it is clear that the polyurethane compositions (Application 
Examples 4-6) prepared using colloidal silica and urea derivatives whose amount varied within 
the scope of the present invention and polyurethane exhibit thixotropy, whereas the polyurethane 
composition (Comparative Example 2) which was prepared using polyurethane and urea 
derivatives without colloidal silica exhibits no thixotropy. 

As explained above, the polyurethane compositions of the present invention prepared by 
blending a specific amount of both urea derivatives and colloidal silica with polyurethane exhibit 
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excellent thixotropy, and moreover their storage stability and the workability at the time of 
mixing and application are excellent; therefore they bond strongly to substrates such as 
primer-treated metals, concrete, mortar, wood, plastics, etc., thus they can be effectively utilized 
in uses such as sealants, fillers, adhesives, etc. 
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Abstract 



PURPOSE.To provide a compsn. having thixotropic properties without lowering storage stability, workability 
such as blending, or application, by incorporating a polyurethane resin with a urea deriv. and colloidal silica. 
CONSTITUTIONS. 1-20pts.wt. urea deriv. (e.g., tetramethylurea) (B) and 0.1- 50pts.wt. colloidal silica (C) 
are incorporated with 100pts.wt. polyurethane resin (A) to yield the titled compsn. So far, it has been ' 
proposed that by incorporating component C into component A, thixotropic properties are imported and 
sagging during application is prevented. However, an increase in the amount of anti-sag agent has a defect 
that the viscosity of resin is increased and workability is lowered, and also tends to increase the hardness 
and modulus and decrease the elongation and adhesion. By further adding component B, proper thixotropic 
properties are imparted and other properties required for polyurethane, such as workability during blending 
and application, are maintained sufficiently. 
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AB Title compns. with good storage stability, useful as sealants, gap 

fillers, and adhesives (no data), comprise polyurethanes 100, urea derivs . 
0.1-20, and colloidal silica 0.1-50 parts. Thus, polyoxypropylene triol 
(mol. wt. 5000) 56, poly (propylene glycol) (mol. wt . 2000) 44, DOP 20, and 
MDI 20 parts were stirred at 80. degree. Under N to obtain a urethane 
prepolymer contg. 2.54% free NCO, 100 parts of which was mixed with DOP 
60, CaC03 50, Aerosil (colloidal silica) 10, and tetramethylurea (I) 
[632-22-4] 3 parts, and kneaded at room temp, to obtain a paste-like 
polyurethane compn. with good thixotropy (JIS A 5758 sealant slumping 
test). Compns. prepd. similarly without the Aerosil or I showed no 
thixotropy. 

ST thixotropic polyurethane silica urea deriv; sealant slumping resistant 
thixotropic polyurethane; sagging resistant sealant thixotropic 
polyurethane; methylurea colloidal silica thixotropic polyurethane; 
colloidal silica tetramethylurea thixotropic polyurethane; urethane 
polymer compn "thixotropic 
IT Urethane polymers, uses and miscellaneous 
RL: USES (Uses)" 

(mixts. with colloidal silica and urea derivs., thixotropic, 
storage-stable, for sealants and adhesives) 
IT Thixotropic substances 

(polyurethanes contg. colloidal silica and urea derivs., 
storage-stable, for sagging-resistant sealants and adhesives) 
IT Sealing compositions ' 

(sagging-resistant, polyurethanes for, contg. colloidal silica and urea 
derivs . , thixotropic, storage-stable) 
IT Amides, uses and miscellaneous 
RL: USES (Uses) 

(amino, polyurethane compns. contg., with colloidal silica, 
thixotropic, storage-stable, for sagging-resistant sealants and 
adhesives ) 

IT 7631-86-9, uses and miscellaneous 
RL:. USES (Uses) 

(colloidal, polyurethane compns. contg., with urea derivs., 
thixotropic, ss torage-stable, for sagging-resistant sealants and 
adhesives) 

IT 101-68-8D, polymers with poly (propylene glycol) and polyoxypropylene 
.triols 25322-69-4D, polymers with polyoxypropylene triols and MDI 
25322-69-4D, triol derivs., polymers with poly (propylene glycol) and MDI 
RL: USES (Uses) 

(mixts. with colloidal silica and urea derivs., thixotropic, 
storage-stable, for sealants and adhesives) 



I 
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IT 80-73-9 632-22-4 . 1187-03-7 
RLr'USES (Uses) 

(polyurethane compns . contg., with colloidal silica, thixotropic, 
storage-stable, for sagging-resistant sealants and adhesives) 

RN 7631-86-9 

RN 101-68-8D 

RN 25322-69-4D 

RN 25322-69-4D 

RN 80-73-9 . 

RN . 632-22-4 

RN 1187-03-7 
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TI Thixotropic polyurethane compsn. - contains urea deriv. and colloidal 

silica. 
DC A25 

PA (YOKO) YOKOHAMA RUBBER CO LTD 
CYC 1 

PI JP 60120750 A 19850628 (198532)* 4p <— 

JP 152044784 B 19870922 (198741) 
ADT JP 60120750 A JP 1983-226738 19831202 
PRAI JP 1983-226738 19831202 

IC C08K003-36; C08K005-21; C08L075-04; C09D003-72; C09J003-16; C09K003-10 

AB JP 60120750 A'TJPAB: 19930925 

Polyurethane compsn. with thixotropy contains 100 pts . wt . of polyurethane 
resin, 0.1-20 pts. wt . of urea deriv. and 0.1-50 pts. wt . of colloidal 
silica. 

Pref. the polyurethane resin of a single component type is a 
polyurethane prepolymer contg. a terminal isocyanate gp. The prepolymer is 
prepd. by reacting polyether polyol or polyols contg. a terminal hydroxyl 
gp. having' an average mol. wt . of 1000-10000 with polyisocyanates . The 
polyurethane resin of a two-component type is composed of a prepolymer 
contg. a terminal hydroxyl gp . having an average mol. wt . of 1000-5000. 
The urea deriv. is e.g., tetramethyl urea, tetraethyl urea and 
1, 3-dimethyl-2-imidazoline. The : colloidal silica is e.g., aerosol. 

USE/ADVANTAGE - The polyurethane compsn. is superior in heat 
resistance, weather resistance without redn. in storage stability and 
workability, and is useful for a sealing material, filler and adhesive. 
' 0/0 
FS CPI' 
FA AB 

MC CPI: A05-G01B; A08-M06; A08-R06; A12-A05F; A12-R08 
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TI THIXOTROPIC POLYURETHANE COMPOSITION 

IN SHIN NORIAKI; KITAMURA TETSUJI; NAKAUSA RIYUUICHI 

PA YOKOHAMA RUBBER CO LTD: THE, JP (CO 000 671) 

PI JP 60120750 A . 19850628 . Showa 

AI JP1983-226738- (JP58226738 Showa) 19831202 

SO PATENT ABSTRACTS OF JAPAN, Unexamined Applications, Section: C, Sect. No. 

311, Vol. 9, No. 2711, P. 64 (19851029) 
IC ICM (4) C08L075-04 

ICS (4) C08K003-36; (4) C08K005.-21 
ICA (4) C09D003-72; (4) C09J003-16; .(4) C09K003-10 

AB PURPOSE: To provide a compsn. having thixotropic properties without 

lowering storage stability, workability such as blending, or application, 
by incorporating a polyurethane resin with a urea deriv. and colloidal 
silica. 

CONSTITUTION: 0 . l-20pts . wt . urea deriv. (e.g., tetramethylurea ) (B) and 



i 



0.1- 50-pts.wt. colloidal silica (C) are incorporated with lOOpts.wt. 
polyurethane resin (A) to yield the titled' compsn. So far, it has been^ 
proposed that by incorporating component C into component A, thixotropic" 
properties are imported and sagging during application is prevented. 
However, an increase in the amount of anti-sag agent has a defect that the 
viscosity of resin is increased and workability is lowered, and also tends 
to increase the hardness and modulus and decrease the elongation and 
adhesion. By further adding component 'B, proper thixotropic properties are 
imparted and other properties required for polyurethane, such as 
workability during blending and application, are maintained sufficiently. 
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ABSTRACT : 

PURPOSE: To provide a compsn. having thixotropic properties without lowering storage 
stability, workability such as blending, or application, by incorporating a 
polyurethane resin with a urea deriv. and colloidal silica. 

CONSTITUTION: 0 . l∼ 2 Opts . wt . urea deriv. (e.g., tetramethylurea) (B) and O.l∼ 
50pts.wt. colloidal silica (C) are incorporated with lOOpts.wt. polyurethane resin 
(A) to yield the titled compsn. So far, it has been proposed that by incorporating 
component C into component A, thixotropic properties are imported and sagging during 
application is prevented. However, an increase in the amount of anti-sag agent has a 
defect that the viscosity of resin is increased and workability is lowered, and also 
tends to increase the hardness and modulus and decrease the elongation and adhesion. 
By further adding component B, proper thixotropic properties are imparted and other 
properties required for polyurethane, such as workability during blending and 
application, are maintained sufficiently. 
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0. 1-20 pts.- wt. of urea deriv. and 0.1-50 pts. wt . of colloidal silica. 

Pref . the polyurethane resin of a single component type is a polyurethane prepolymer 
contg. a terminal isocyanate gp. The prepolymer is prepd. by reacting polyether 
polyol or polyols contg. a terminal hydroxyl gp . having an average mol . wt." of 
1000-10000 with polyisocyanates. The polyurethane resin of a two-component type is 
composed of a prepolymer contg. a terminal hydroxyl gp. having an average mol. wt. 
of 1000-5000. The urea deriv. is e.g., tetramethyl urea, tetraethyl urea and 

1, 3 -dimethyl- 2 -imidazoline. The colloidal silica is e.g., aerosol. 

USE/ADVANTAGE - The polyurethane compsn. is superior in heat resistance, weather 
resistance without redn. in storage stability and workability, and is useful for a 
sealing material, filler and adhesive. 
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